Background: Autonomic modulation is used for treating various cardiovascular diseases, such as cardiac arrhythmias. Sphenopalatine ganglion (SPG) block is an easy, non-invasive therapy for migraine with a potential cardiovascular impact that remains unclear. In this study, we sought to assess the effect of SPG block on cardiac autonomic tone, as expressed by heart rate variability (HRV), and on ventricular arrhythmogenesis.
Introduction
The sphenopalatine ganglion (SPG) is a large extracranial ganglion located in the pterygopalatine fossa near the tail or posterior aspect of the middle nasal turbinate, and contains parasympathetic fibers that synapse within the ganglion, along with sympathetic nerve fibers passing through it (1) . Due to the fact that SPG is easily accessed via the naris, SPG lesioning or block has been applied as a non-invasive adjunctive treatment for drug-refractory migraine, cluster headache, and facial pain (2, 3) . During this technique, a local anesthetic agent or radiofrequency (RF) current can be accurately delivered to the area of mucosa associated with the SPG (3) (4) (5) .
There are data to suggest that migraine, SPG function and cardiovascular function share common pathophysiological pathways. In patients with migraine, a decreased coronary flow reserve has been reported and a common vasomotor pathway has been proposed as one of the underlying mechanisms (6) . Experimental stimulation of the nasal mucosa caused changes in heart rate via afferent pathways involving the trigeminal nerve and the medullary dorsal horns (7) . In humans, low frequency SPG stimulation has been associated with increased sympathetic tone and heart rate (8) . Recently, a favorable impact of SPG block on systemic blood pressure has been described, indicating a potential effect of this method on the cardiovascular system (9) .
Although the facial parasympathetic output of SPG has been systematically studied, a potentially more generalized effect of SPG stimulation or block, including an impact on cardiac function, has not been sufficiently assessed. In the present study, we evaluated the effect of temporary SPG block on cardiac autonomic tone as expressed by heart rate variability (HRV), in patients suffering from migraine. Additionally, the impact of SPG block on the arrhythmic burden was evaluated in patients with idiopathic premature ventricular contractions (PVCs) from the right ventricular outflow tract (RVOT).
Methods
A total of 64 patients were included in the study. Initially, 40 consecutive patients followed in the Pain Clinic for drug-resistant migraine were divided into an investigational and an observational control group of twenty subjects each, in a random fashion. Randomization took place in a 1:1 consecutive order to transnasal SPG blockade (SPGB group) or placebo-treatment (controls). All patients were symptomfree for at least 48 hours before randomization. They were free of heart disease and arrhythmias which would affect HRV or would necessitate β-blockers and antiarrhythmic drugs. Patients with other systemic comorbidities (diabetes, renal failure, pulmonary or connective tissue disease, etc.) were also excluded. Initially, a Holter recorder was positioned and HRV in the time and frequency domain was assessed for one hour before intervention. Subsequently, SPG block was achieved by inserting cotton-tipped swabs soaked in lidocaine hydrochloride 2% solution to the pterygopalatine fossa through the nasal cannula, as previously described (3) . Similarly, normal saline 0.9% was applied to the SPG in patients randomized to the control group. The application of lidocaine or normal saline lasted twenty minutes, with the patients remaining in supine position. After that, HRV parameters were reassessed every hour and consequently compared to those before the intervention, in order to detect possible changes and to evaluate the duration of SPG block effect. The evaluated parameters in the time domain were the mean of R-R intervals (mean NN), the standard deviation of the R-R intervals (SDNN), the standard deviation of the averages of 5-minute R-R intervals (SDANN), average of all 5-min SDNN (ASDNN), and the square root of the mean squared differences of successive R-R intervals (rMSSD). In the frequency domain the following parameters were assessed: power in very low frequency range (VLF), power in low frequency range (LF), power in high frequency range (HF), ratio of low to high frequency power (LF/HF), and the total power (whole band, WB).
Additionally, 24 patients (11 men and 13 women)who visited the Arrhythmia Department because of frequent idiopathic PVCs originating from the RVOT underwent the same 1:1 randomization (12 patients in each group) into SPGB (PVC-SPGB group) or controls (PVC-control group), as described above. PVCs were documented in previous Holter recordings or electrocardiograms, and antiarrhythmic medication remained unchanged during the study. The absence of structural heart disease was documented by patients' history, echocardiographic evaluation, exercise stress-test, coronary angiographic, and cardiac magnetic resonance imaging, if indicated. According to the aforementioned schedule, baseline Holter monitoring was performed for one hour before intervention and the number of PVCs per hour was assessed. Following SPG block or placebo-treatment, monitoring was repeated and the number of PVCs was hourly assessed and compared © Annals of Translational Medicine. All rights reserved.
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SEER Light Extend Holter recorders (General Electric, Suzuken Company, Nagoya, Japan) were used for heart rhythm monitoring. All patients and the doctors who analyzed the recordings were unaware to which group (SPGB or controls) each patient belonged. The study protocol was approved by the Hospital Ethics Committee (Eudra CT: 2018-000742-19) in accordance with the Helsinki Declaration as revised in 2013, and all patients gave informed consent before enrollment.
Continuous variables were summarized as median (1 st -3 rd quartile) and were compared with non-parametric tests (Wilcoxon and Friedman for two or more than two, respectively, related samples, and Mann-Whitney U test for two independent samples). Categorical variables were summarized as counts and percentages and were compared with Fisher exact test. Two-sided P values of less than 0.05 were considered as indicating statistical significance.
We calculated that, in order to detect a 5% difference in mean NN value (assuming a value of 800 ms in controls and a standard deviation of 40 ms), we needed 17 experimental and 17 control subjects at a power level of 0.80, with a Type I error probability associated with this test (alpha) of 0.05. In terms of the pairwise comparison in patients with PVCs, in order to detect a 15% reduction in the number of PVCs per hour (assuming a baseline value of 1,000), we needed 24 pairs of measurements at a power level of 0.80, with Type I error probability (alpha) of 0.05.
Results
Among patients suffering from migraine, no differences between the SPGB group and the controls were observed regarding the demographic characteristics, comorbidities and baseline HRV parameters ( Table 1) . Hypertension was treated with calcium channel antagonists, angiotensinconverting enzyme inhibitors or angiotensin II receptor antagonists, while patients with hyperlipidemia were under treatment with statins. Patients under β-blockers were not found among the studied population, according to the inclusion criteria. Besides, β-blockers are not considered as fist-choice medication in relatively young, physically active patients with uncomplicated hypertension and without inappropriately increased heart rate or stress, according to the guidelines of the European Society of Cardiology (12) . Although no differences in baseline HRV parameters were observed between the two groups, significant deviations developed after SPG block ( Table 2) , comparison between groups). Following block, a decrease in heart rate and a significant increase in mean NN, SDNN, SDANN, ASDNN, rMSSD, VLF and HF, along with a decrease in LF/HF ratio were initially observed, and gradually returned to baseline levels within 4 hours. Mean NN, SDNN and rMSSD reached maximum increase during the second hour after treatment. LF was mostly decreased during the third and fourth hour after SPG block, while the maximum increase in HF was observed during the first hour following treatment. As expected, the LF/HF ratio was decreased (P<0.001 within group), mostly during the second hour of follow-up. Systolic and diastolic blood pressure were stable over time, ranging between 136 (IQR, 123-143)/83 (IQR, 74-92) mmHg and 130 (IQR, 124-143)/81 (IQR, 72-93) mmHg in the SPGB group and between 136 (IQR, 125-140)/82 (IQR, 77-92) mmHg and 129 (IQR, 125-137)/79 (IQR, 74-86) mmHg in controls (P>0.05 within and between groups).
Among patients with PVCs, those in the PVC-SPGB group were comparable to PVC-control group regarding demographic characteristics and treatment ( Table 3) In the between group analysis, the greatest difference in the number of PVCs between the PVC-SPGB group and the PVC-control group was observed during the second hour of follow-up, but it did not reach statistical significance (P=0.8).
A non-significant fluctuation in systolic and diastolic blood pressure was observed over time, between 132 (IQR, 120-142)/84 (IQR, 74-92) mmHg and 129 (IQR, 124-136)/80 (IQR, 76-89) mmHg in the SPGB group and between 131 (IQR, 123-140)/85 (IQR, 76-92) mmHg and 128 (IQR, 126-137)/84 (IQR, 79-89) mmHg in controls (P>0.05 within and between groups).
Discussion
In this clinical study SPG blockade was evaluated as an easy, non-invasive method to modulate cardiac autonomic tone, as expressed by HRV and the ventricular arrhythmic burden. SPG block was associated with a transient increase in parasympathetic activity and a favorable decrease in PVCs burden. These original preliminary observations hold clinical importance and provide a strong argument for a detailed investigation of the underlying pathophysiologic mechanisms and a potential long-term clinical effect.
Modulation of the autonomic nervous system (ANS) has emerged as an adjunctive clinical tool in many cardiovascular diseases, such as angina pectoris, hypertension and atrial or ventricular arrhythmias (9, 11, 13) . Stimulation of the nasal mucosa has a vasomotor effect on the coronary circulation and an impact on heart rate, implying an interaction between facial and cardiac autonomic innervation (6) (7) (8) . In accordance to these reports, we observed changes in HRV that suggest an increased parasympathetic tone, possibly due to a predominant suppression of the sympathetic fibers that pass through the SPG (14, 15) . However, the response to SPG stimulation or blockade is diverse. Increased parasympathetic activity, expressed as bradycardia, has been reported following SPG stimulation in animals, while in humans low-frequency stimulation was followed by increased heart rate, implying increased sympathetic activity (6, 7) . These seemingly controversial observations remain unexplained and could be attributed to the involvement of more complicated central neural activity through the trigeminal-parasympathetic reflex and the cranial ANS (1, 7, 16) .
The increased sympathetic activity as expressed by HRV parameters before ventricular tachycardias, the circadian variation of RVOT-originating PVCs or tachycardias, and the induction of these arrhythmias by stimulating the [20] [21] [22] [23] 23 [20] [21] [22] [23] [24] [25] 0.14 21 [19] [20] [21] [22] 22 [20] [21] [22] [23] [24] [25] 0.16 21 [18] [19] [20] [21] [22] 22 [20] [21] [22] [23] [24] 0.06 HF (ms 2 ) 14 [11] [12] [13] [14] [15] [16] 11 [10] [11] [12] 0.00 13 [12] [13] [14] [15] 11 [9] [10] [11] [12] 0.00 12 [10] [11] [12] [13] [14] 12 [11] [12] 0.63 11 [10] [11] [12] 11 [9] [10] [11] [12] [13] sympathetic input to the left pulmonary artery suggest that ANS plays an important role in cardiac electrophysiology and arrhythmogenesis (17, 18) . The significant decrease in the number of PVCs following SPG block could be attributed to the sympathetic suppression and the predominant parasympathetic activity, which attenuates catecholaminergic stimulation. This effect, combined with the aforementioned changes in HRV, may imply a favorable prognosis in terms of lower arrhythmic risk, as previously assumed (19) . Due to its superficial location, the SPG is easily accessible without the necessity of special devices or needles and might be a gate to cardiac autonomic modulation (20) . It is worth mentioning that, in patients with migraine, the analgesic effect of SPG block may last beyond the duration of anesthesia, while a long-term effect of repetitive blockade has been reported (21) . Therefore, SPG block could be tested for the acute treatment of ventricular arrhythmias and symptom relief or as an additional tool to reduce the long-term risk of tachycardia-induced cardiomyopathy by repetitive applications, as used in migraine treatment (22). The use of longer than lidocaine acting anesthetics would be a promising alternative to be evaluated.
Despite the original findings of the study, some weaknesses must be taken under consideration. First of all, the study is based on a relatively limited sample size, although the results are significant and provide indications regarding the potential role of SPG block on cardiac autonomic tone. Additionally, the effect of repetitive SPG block, the potential long-term impact of SPG block and its side effects have not been assessed for the present. Furthermore, the pathophysiologic mechanisms involved in this favorable effect remain unclear, and beyond the field of a clinical study like this.
Conclusions
SPG block is an easy, non-invasive procedure of low cost, associated with an effect on cardiac autonomic tone, expressed by an increase of parasympathetic parameters of HRV. In patients with PVCs from the RVOT, it is associated with a decrease in the arrhythmic burden. These preliminary findings suggest that SPG may represent a potential gateway to autonomic cardiac innervation with antiarrhythmic utility.
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